RESPIRATION and glycolysis are both processes which require inorganic phosphate and adenine nucleotides. The inhibition of glycolysis by respiration (Pasteur effect) in both normal and neoplastic tissue, and the reverse situation-the inhibition of respiration by glycolysis (" reversed Pasteur effect" or Crabtree effect)-in neoplastic tissue and especially in ascites tumour cells, may be explained on the basis of a competition between the two processes at the level of the accompanying phosphorylations (Lynen, 1956 (Lynen, , 1958 Racker, 1956; Emmelot and Bos, 1959).
Petri dish placed in ice, was cut to very small pieces with a pair of scissors. The brei was diluted with cooled buffer and directly filtered through 8 layers of aseptic gauze. Centrifugation was carried out at very low speed for 2 minutes, the sediment being washed once with and suspended in physiological saline. Aliquots of the latter suspension were used immediately. The whole procedure was carried out as quickly as possible at a temperature of 0°C. The final suspension was checked by microscopy and found to contain only free cells; no cell clumps were observed. The lymphosarcoma cells thus obtained showed a vigorous glycolysis and a marked Pasteur effect indicating that their enzymic machinery was not damaged to any marked extent.
The S3A mammary ascites carcinoma cells were ruptured by suspension in ice-cold bidistilled water for 10 minutes, followed by homogenisation during 30 seconds in an all-glass apparatus according to Potter-Elvejhem, using a rather tight-fitting pestle. The final water homogenates were checked by phase-contrast microscopy; intact cells were scarce. Aliquots of the homogenates were incubated in the medium according to LePage (1948) with the omission offructose diphosphate and in the absence or presence of potassium fluoride (see text).
Phosphate was measured according to Fiske and Subbarow (1929) and lactic acid according to Barker (1957) .
Glucose was determined with glucose oxidase using the reagents of, and according to the directions provided by, Boehringer u.S. (Mannheim, Germany). Effect of 2: 4-dinitrophenol on the aerobic and anaerobic glycolysis of the S3A ascites carcinoma Freshly harvested S3A ascites carcinoma cells contained few erythrocytes and one washing with physiological saline sufficed to obtain a colourless pellet. It is shown in Table I that addition of 10-4 M DNP to ascites tumour cells suspended in 0-01 M phosphate buffer of pH 7-4 at 37°C. abolished the Pasteur effect and stimulated the aerobic glycolysis well beyond the anaerobic level reached in the absence of DNP. The glucose consumption was accounted for by the lactate production.
The same experiments were also carried out in Krebs-Ringer bicarbonate buffer since the latter medium afforded a better protection against accumulating lactic acid than the phosphate medium, in which glycolysis was not optimal (Emmelot and Bos, 1959) . In a number of experiments it was found that the aerobic glycolysis of the ascites cells in the bicarbonate medium was equal to the anaerobic glycolysis (Emmelot and Bos, 1958a) . This situation has been encountered only with the S3A ascites carcinoma suspended in the bicarbonate medium; it has never been observed when these cells were suspended in the phosphate medium. In contrast, the anaerobic glycolysis was always higher than the aerobic glycolysis in two other ascites tumours (Ehrlich carcinoma and T 86157 lymphosarcoma), regardless of the nature of the suspending medium. Since the conditions under which the cells were allowed to glycolyse anaerobically were indeed strictly anaerobic (compare below), the absence of the Pasteur effect in a number of experiments with the S3A ascites tumour cells cannot easily be explained. Two of these experiments are listed in Table II (Experiments 1 and 2). However, in many other experiments with the S3A ascites tumour cells the Pasteur effect was observed (Table II ; Experiments 3-6 are typical for the latter results). In all experiments conducted in the bicarbonate medium, DNP markedly stimulated both the aerobic and anaerobic glycolysis; the stimulation was higher than that observed in the phosphate medium-in the latter medium an average stimulation of 40 per cent of the anaerobic glycolysis by DNP was noted. An effect of DNP on the aerobic glycolysis of the ascites cells may be expected in view of the uncoupling of the oxidative phosphorylations by this agent. However, the magnitude of this effect and the finding that the anaerobic glycolysis was also markedly enhanced was quite unexpected and led us to a closer investigation of the effect of DNP on the glycolysis of normal and neoplastic tissues.
Effect of 2: 4-dinitrophenol on the aerobic and anaerobic glycolysis of normal turnour cells DNP (10-4 M) was found to abolish the Pasteur effect in all normal and tumour cells listed in Table III , but the pronounced enhancing effect of the uncoupling agent on the anaerobic glycolysis appeared to be specific for free ascites tumour cells. The anaerobic glycolysis of the Ehrlich ascites carcinoma (Table III) responded in a similar manner towards DNP as the corresponding process in the S3A ascites carcinoma. By contrast, DNP had no effect on the anaerobic glycolysis of slices of solid tumours or of two normal types of free cells, i.e., bone marrow cells and lymphoblasts (strain 3') derived from the lymphosarcoma T 86157 through subculture in vitro by Dr. W. C. de Bruyn of this Institute. The strain 3', in contrast to another strain (6 A) derived from the same tumour, has lost the capacity to induce a tumour on reintroduction in the mouse. It was of interest that DNP did not increase the anaerobic glycolysis of strain 6 A cells either.
The anaerobic glycolysis of slices of the parent tumour T 86157, maintained in the solid form, was also not affected by DNP, but a positive effect was observed with cells of the same tumour grown in the ascites form. A suspension of free cells prepared from the solid tumour T 86157 showed a high glycolytic rate and DNP stimulated the anaerobic glycolysis provided that preferably less than 7 mg. of dry weight of the cells were incubated with the uncoupling agent in a final volume of 1-6 ml. bicarbonate buffer. It is seen in Table II and Table III of yeast, for instance, only a very small effect has been noted (Stickland, 1956 ).
However, in the course of preparing the present paper a publication by Clowes and Keltch (1954) came to our attention in which the anaerobic lactate production of sarcoma 180 ascites cells was reported to be stimulated 1.7-fold by dinitrocresol.
In an attempt to account for our findings the following hypothesis was proposed (Emmelot and Bos, 1958a) . The glycolytic potential of the ascites cells might be so high that even under anaerobic conditions when most of the Pi and ADP of the cells is available to the cytoplasmic glycolysis, the actual rate of the latter process remains below that attainable if the steady-state concentrations of Pi and ADP were to be raised. In other words, the anaerobic glyoolysis was governed by the (slower) rate of ATP-dephosphorylation. Now, DNP is known not only to uncouple the oxidative phosphorylations in the mitochondria but also to induce an active ATP-splitting enzyme which converts ATP into ADP and Pi (DNP activation of the latent ATPase). Activation of the ascites tumour mitochondrial ATPases by DNP might lead to a higher steady-state level of ADP and Pi in the cytoplasm and thus favour the anaerobic glycolysis. The following experiments have been conducted in order to obtain support for this hypothesis.
Effect of DNP, KCN and methylene blue, alone or incombination, on the glycolysis of the S3A ascites carcinoma First, it was checked, by inhibition of the cytochrome oxidase in the presence of KCN, whether the conditions were really strictly anaerobic. Aerobic glycolysis in the presence of KCN (10-s M) was indeed found to be similar to the anaerobic glycolysis in the presence or absence of KCN (Table IV ; Experiments lc, 2c and 4c). The effect of DNP on the aerobic and anaerobic glycolysis was also apparent in the presence of KCN (Experiments 2d, 4d). According to expectation methylene blue only abolished the Pasteur effect (Experiments ld, le, 3e).
Anaerobic glycolysis in homogenates of the S3A ascites carcinoma Homogenates were prepared as mentioned under Materials and Methods.
Microscopic examination showed that at the most 10 per cent of the cells had remained intact. Moreover, intact cells did not metabolize added fructose diphosphate but the homogenates were very active in this respect.
In all the following experiments incubation was performed in the medium according to LePage (1948) from which fructose diphosphate was omitted. The medium designated with the capital A contains KF (10-2 M) and pyruvate to circumvent the enolase block, whereas in medium B fluoride was absent and only a trace amount of pyruvate was added to prime the triose phosphate dehydrogenase reaction by affording a rapid reoxidation of DPNH. In both media glycolysis proceeded from glucose. A trace amount of ATP was also present to prime the hexokinase reaction; when no ATP was added glycolysis still proceeded, even in medium B, at a high rate. The latter result indicated that enough ATP was initially present to satisfy the hexokinase reaction and, thus, that ATP dephosphorylation was not very high. The ease of obtaining a vigorous glycolysis with ascites cell homogenates under the above conditions stands in marked contrast to the situation in other homogenates (e.g., from liver) in which it is necessary to add ATP, fructose diphosphate and/or hexokinase to obtain similar results. In the chain of reactions which starts with one molecule of glucose and ends with two molecules of lactic acid, two molecules of ATP are needed to phosphorylate glucose to fructose-1,6-diphosphate and in subsequent reactions four molecules of ATP are generated: 2 ATP from 2 Pi and 2 ADP by the triose phosphate dehydrogenase system, and 2 ATP from 2 ADP and the phosphate contained in 2 molecules of enolphosphopyruvate. For the purpose of the present discussion the glycolytic reactions may be abbreviated to the following scheme, in which A and B denote the reactions occurring in medium A and B:
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(A, B)
Glucose + ATP -÷ Glucosc-6-P + ATP (A, B)
Fructose-6-P + ATP --> Fructose-di-P + ADP active in homogenates of the S3A ascites carcinoma and that ATP dephosphorylation was not very high. It follows then that in medium A, which contains the ATPase inhibitor fluoride, anaerobic glycolysis will proceed more slowly than in the absence of the inhibitor (medium B). This was always found to be the case. From Fig. 1 , which represents one of these experiments, it can be seen that the anaerobic glycolysis in medium A began to slow down after 20-30 minutes and came to a stop after 50 minutes, whereas in medium B glycolysis still continued unhampered. Measurement of the inorganic phosphate showed that in medium A the concentration of Pi had dropped to a low value (0-2 /tmole Pi left from the 3.9 initially present) whereas in medium B, in spite of the higher lactate production, much more Pi (2.5 /umoles) was left. These results strongly suggest that the rate of glycolysis was governed by the available Pi (and ADP) , and that, in the presence of fluoride, Pi soon reached a limiting concentration by being continuously converted to 2-phosphoglycerate. 10.9/ 10-9/-10-9/9.6 10 9/9 6 3-9/-10-.9/ 10. 9/9-10.9/-10.9/-6 30 9/9-6 3-9/ 10.-9/-10.-9/9.6 10.9/9-3.9/--10 9/-6 10. 9/9. 6 3.9/-10.9/-10.9/9-6 3.9/-3-9/-7-6/9-6 7 6/9 6 3. 9/-10.-3/-3.9/9.6 10-3/9-6 3. 9/-10-3/-3 9/9 6 10-3/9-6 DNP (10-4 M) pyruvate participates because fluoride blocks the enolase reaction and no enolphosphopyruvate can be formed. ADP was indeed found to have little effect on the rate of the anaerobic glycolysis in medium A regardless of the Pi concentration (Table V; Experiments lc-e, 2c-e, 6b-d, 6a-c).
It appeared that the rate of the anaerobic glycolysis could also be enhanced in medium B by addition of Pi (Table V ; Experiments 3a-c, 4a-b, 6e-f), though, as might be expected, to a smaller extent than in medium A. The glycolysis might be more dependent upon ADP in the absence than in the presence of fluoride, since in the former case the conversion of enolphosphopyruvate to enolpyruvate requires ADP. The stimulatory effect of ADP in medium B was consistently observed, not only at high but also at low Pi concentrations (Table V ; Experiments 3c-e, 4b-c, 6f-h and 6e-g, respectively.)
Effect of 2: 4-dinitrophenol on the anaerobic glycolysis of S3A ascites cell homogenates Fig. 1 and Table V show that the anaerobic glycolysis could also be stimulated by adding DNP (10-4 M), instead of Pi and ADP, to the homogenates incubated in medium A or B (Table V, Effect of 2: 4-dinitrophenol on ATP dephosphorylation by homogenates and mitochondria of the S3A ascites carcinoma It has been shown previously (Emmelot et al., 1959) by measurement of the Pi release from added ATP that DNP actually increases the ATP-dephosphorylation by the ascites cell homogenates and mitochondria isolated therefrom, both at 27°and 37°C. In the case of the homogenates, the enhancement of the phosphate release was not due to an effect mediated by the small amount of intact cells which were still present. Intact cells incubated in the presence or absence of DNP at 27°and 37°C. did not release any phosphate, but did so in the presence of ATP. The latter dephosphorylation was but slightly enhanced by DNP (Table  VI) . It has been reported (Acs, Ostrowski and Straub, 1954) Effect of Stilboestrol and Thyroxine on Glycolysis and ATP dephosphorylation of intact S3A ascites cells and homogenates Stilboestrol and thyroxine had no effect on the latent ATPase activity of mouse liver mitochondria when incubation was carried out at 27°C. However, at 37°C. a marked stimulation of the ATPases of mitochondria and ascites cell homogenates was observed (Table VII) . (The activation of rat liver mitochondrial ATPase by thyroxine at 37°C. has also been observed by Maley and Johnson (1957) .) The Pasteur effect was completely abolished by stilboestrol (5 x 10-5 M) in all experiments (Table VIII) . The anaerobic glycolysis of the ascites cells was enhanced (1.5-1.8-fold) by stilboestrol only in a number of experiments with the smaller amounts of cells. In homogenates a rise of 1.4-1.5-fold in the anaerobic glycolysis was noted in the presence of stilboestrol. The oestrogen inhibited the oxidation of the ascites cells by approximately 30 per cent in the present experiments (Shacter, 1956; Emmelot and Bos, 1958b) .
The observations of Barker and Lewis (1956) that thyroxine may enhance the aerobic and anaerobic glycolysis of the Ehrlich ascites carcinoma has been confirmed in the present experiments with the S3A ascites carcinoma. The results were, however, irregular, probably as a result of the decreased solubility of the hormone after slight pH changes of the medium.
Effect of 2: 4-dinitrophenol on the incorporation of [1-14C]leucine into S3A ascites carcinoma protein under aerobic and anaerobic conditions If DNP activates the ATPases of the mitochondria of intact ascites tumour cells, it may be expected that the steady-state concentration of glycolytic ATP is lower in the presence of DNP than in its absence. This lowered ATP concentration did not inhibit the hexo-and fructokinase reactions, but might have an effect upon ATP-dependent synthetic processes such as amino acid incorporation into proteins. The following experiments (Table IX) show this to be the case. The incorporation of [1-14C]leucine into the proteins of the ascites cells was of the same order in the presence or absence of glucose under aerobic conditions. Mitochondrial ATP, generated by the endogenous respiration, could thus completely satisfy the energy requirements of the amino acid incorporation processes (compare Emmelot and van Vals, 1957) . Addition of DNP inhibited leucine incorporation, while addition of glucose counteracted the latter inhibition but could not restore the rate of incorporation reached in the absence of DNP. Incorporation of leucine under anaerobic conditions was dependent upon the presence of glucose (glycolytic ATP). With glucose present, addition of 10-4 M DNP consistently resulted in an inhibition of about 50 per cent of the anaerobic amino acid incorporation. Similar results were obtained with [1-14C] leucine added in the range of 0.3-1.0 ,tmole.
It is of interest to compare the present results with those obtained with the Ehrlich ascites carcinoma. Since the anaerobic glycolysis of the Ehrlich ascites carcinoma was stimulated by DNP in our experiments (Table III) , the amino acid incorporation into the protein of these cells should be depressed under the latter conditions. It has actually been reported that DNP, under anaerobic conditions and in the presence of glucose, inhibited the amino acid incorporation into the latter cells by 30 per cent (Rabinowitz, Olson and Greenberg, 1955) . However, Bickis, Creaser, Quastel and Scholefield (1957) observed only a slight inhibitory effect. The latter result might have been due to the "quality" of their cells; cells which are not in an optimal condition (e.g. as a result of repeated washings) might already show activated ATPases.
Our hypothesis demands that in those cases in which DNP does not enhance the anaerobio glycolysis, the amino acid incorporation under anaerobic conditions in the presence of glucose should not be affected either. This was found to be so in experiments carried out with slices of the mouse sarcoma UV 256 (Table IX In bone marrow cells, non-malignant and malignant lymphoblasts and slices of solid tumours no effect of DNP on the anaerobic glycolysis could be demonstrated. A variety of reasons may be responsible for this lack of effect. The glycolytic capacity may be smaller and the relative rate of ATP-dephosphorylation may be higher in the latter cells and tissues than in the ascites cells. Furthermore the rate of penetration of glucose may limit the glycolysis. In the case of tissue slices mechanical factors may be involved. Since the entrance of glucose may occur by an active transport mechanism, the number and the specific activity of the active sites in the cell membrane may also be of importance.
It has been shown that glucose penetrates into ascites tumour cells very rapidly and that the rate of glycolysis is not governed by the rate of glucose entrance (Crane, Field and Cori, 1957; Cori, 1956) . The generally high glycolysis of ascites as well as of solid tumour cells may be due to this phenomenon, the relative differences between the two types being dependent on the unicellular or multicellular organisation (Hechter, 1957; Bloch-Frankenthal and Weinhouse, 1957) .
It has been suggested (Lynen, 1958 ) that glucose uptake is dependent upon glycolytic ATP. The decreased aerobic glucose phosphorylation has been explained (Chance and Hess, 1956; Lynen, 1958) by assuming that the ATP which is generated under aerobic conditions in the mitochondria is retained and does not readily equilibrate with the cytoplasm. As a result the hexo-and fructokinase of the glycolytic pathway should be inhibited as compared with the situation under anaerobic conditions or under aerobic conditions with DNP present, in which more ATP is formed in the cytoplasm. However, the finding that the anaerobic glycolysis of the ascites cells can be markedly stimulated by increasing the dephosphorylation of glycolytic ATP, indicates that neither the uptake of glucose nor its phosphorylation is impaired by decreasing the steady-state concentration of glycolytic ATP of ascites tumour cells under anaerobic conditions. conditions. 2. The anaerobic glycolysis of homogenates prepared from the S3A ascites carcinoma was markedly dependent upon the concentration of Pi or Pi plus ADP, depending on the experimental conditions. A significant rise in the anaerobic lactate production and a drop in the Pi uptake by the homogenates in the presence of DNP was observed. DNP exerted no effect when the concentration of Pi (and ADP) 
